We consider the quark-mass dependence of the baryon octet and decuplet ground state masses. It is predicted that QCD dynamics implies a first order transition when increasing the strange quark mass from its chiral limit towards its physical value. Our claim relies on a global fit to the available QCD lattice data on such baryon masses. Quantitative results based on an application of the chiral SU(3) Lagrangian at N 3 LO are discussed. We predict an anomalous sector of QCD where stable baryonic matter would be composed of Λ orΛ particles rather than nucleons and anti-nucleons.
INTRODUCTION
A most fundamental question of modern theoretical physics is to explain how small-scale structures are formed in terms of local quantum field theories. Nature shows a plethora of phenomena, like finite nuclei, conventional or exotic hadrons, which are thought to be a consequence of the strong interaction as encoded in quantum chromodynamics (QCD). The non-perturbative nature of the latter makes it quite difficult to arrive at a quantitative link from QCD to observable quantities as measured in the laboratory (see e.g. [1] [2] [3] [4] ). While QCD lattice simulations are encouragingly successful by now to post-and predict the masses of hadrons in their ground state, it is still a long thorny path towards realistic computations of the QCD excitation spectrum (see e.g. [3] [4] [5] [6] [7] ).
Of particular interest are phase transitions that may arise in QCD as a function of temperature and/or baryon density (see e.g. [8] [9] [10] [11] ). While QCD lattice simulations have seemingly converged conclusions on a smooth crossover behaviour of the chiral transition at finite temperature, T , similar studies at finite baryon chemical potential, µ, are still not possible (see e.g. [12, 13] ). In this Letter we wish to point at another sector of QCD, which is within reach of current lattice QCD simulation technology. While QCD is expected to show a rich phase structure on the external parameters T and µ, possible parametric phase transitions in the up, down and strange quark masses did not receive much attention so far. The possibility of a discontinuous quark-mass dependence in the baryon masses was discussed in [14] . The purpose of this Letter is to take up this issue, given the rather large data set generated on various QCD lattice ensembles over the last 15 years. We argue that by now it is possible to arrive at more definite conclusions.
QCD lattice simulations with three light flavours at pion and kaon masses smaller than 600 MeV are considered. That leaves data sets from PACS-CS, LHPC, HSC, NPLQCD, QCDSF-UKQCD and ETMC [15] [16] [17] [18] [19] [20] . We are aware of the recent lattice ensembles of the CLS group with 2+1 flavors based on nonperturbatively improved Wilson fermions [21] [22] [23] . Results for baryon masses are not available yet.
AN EFFECTIVE FIELD THEORY APPROACH
We study QCD in terms of its chiral SU(3) Lagrangian. The strong interaction of hadrons can be described efficiently in terms of effective degrees of freedom at least at low enough energies [24, 25] . The most prominent effective fields interpolate the pseudo Goldstone bosons, the pion, kaon and eta mesons. This sector [25, 26] of the chiral Lagrangian is well established
where we display terms only that are relevant for our current work. While the matrix field Φ in (1) combines the pion, kaon and eta meson fields into a suitable 3×3 matrix, the symmetry breaking field
is proportional to the current quark masses of QCD. By means of (1) the quark-mass dependence of the pion, kaon and eta meson masses can be computed in QCD. At the one-loop level besides the quark masses the low-energy constants f, L n are involved only. Here we use resummed expressions where the tadpole terms involve the on-shell meson masses [27, 28] . Accurate results at the 10 MeV uncertainty level for the baryon masses can be obtained at next-to-next-to-next-to-leading order (N 3 LO). This involves a large set of low-energy constants (LEC). Here sum rules for the LEC as derived from QCD with a large number of colors N c are instrumental and reduce the number of fit parameters significantly [27, 29, 30] . It is important to consider the baryon octet and baryon decuplet fields on an equal footing. After all in the large-N c limit of QCD the two flavour multiplets turn degenerate. Here we recall a selection of terms which involve the baryon octet fields only. Analogous terms with the decuplet fields can be taken from [27, 30, 31] . The chiral Lagrangian is
We turn to the main target of our Letter, a possible discontinuous quark-mass dependence of the baryon masses [14] . A conventional χPT approach will always lead to a smooth behaviour. However, any such approach is at odds with the QCD lattice data sets on the baryon masses [15, 16, 32, 33] . In a series of works [27, 31, [34] [35] [36] it was demonstrated that significant results are achieved once on-shell masses are used in the loop contributions to the baryon masses. Most recently it was shown that such an approach can be cast into a form that leads to renormalization scale invariant results but also implies convincing convergence properties up to strange quark masses that enclose the physical point [27] . Given such a scheme, a set of non-linear equations has to be solved in order to arrive at the quark-mass dependence of the baryon masses. In turn there is no longer any reason to expect a smooth behaviour everywhere.
Results of two distinct global fits are collected in Tab. I. All two reproduce the set of baryon masses on almost all QCD lattice ensembles with an accuracy of about 10 MeV. For technical details of our fit strategy we refer to our previous work [27] . In this Letter we report on a slight update of the fits reported on in [27] . The results were using slightly incorrect values for the kaon masses on the ETMC ensembles [20] . Published values are available only for the unitary case where the sea quark and valence quark masses are identical [36] . By courtesy of Constantia Alexandrou we can now consider the kaon masses as they are implied by the fine-tuned strange quark masses off their unitarity limit. Such strange quarks were used for the baryon masses in [20] . Fit 1 and Fit 2 assume a residual theoretical uncertainty of 10 MeV and 5 MeV for each of the baryon masses respectively. We confirm the previous finding that the baryon masses on the LHPC ensembles can be reproduced only rather poorly [27] . The corresponding LEC are collected in Tab. I. Estimates for their uncertainties are included. Since the latter are typically quite small we are confident that we derived a faithful representation of QCD in terms of its effective chiral Lagrangian (1, 2). As pointed out already in our previous works [27, 37] 
can be determined quite accurately from a global fit to the baryon masses as measured on various QCD lattice ensembles. This is so since the baryon masses depend rather sensitively not only on the quark masses but also on the meson masses. On the m = m phys trajectory we find a sizeable first order transition at m s /m phys 9.7 in the baryon masses. Once the strange quark mass exceeds its critical value stable baryonic matter is composed from strange particles, the Λ, rather than nucleons. In the region 9.7 < m s /m phys < 14.8 
SUMMARY AND CONCLUSIONS
We have shown that QCD lattice data on the baryon masses are compatible with a first order transition along the trajectory where the strange quark mass goes from its chiral limit to its physical value. Our global fits predict an anomalous sector of QCD where stable baryonic matter would be composed of Λ orΛ particles rather than nucleons or anti-nucleons. Such dark matter may exist if the Higgs potential in extensions of the Standard Model supported two almost degenerate minima, with the exotic one implying a strange quark close to its critical first order transition value.
